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1. R?'. -LZlCES, . Sce inclosur 1

* .. i~ (+iScTvcral recciot inslances of tail-boom bucling, h-ve occurred
a.1er n c outorolnflolll touchdown ill t Oil 5 SAh Loc.Tee
PFII ', the US /,rmy Aviation Syslenis Commiind (AVSCOM) iht obserivation
hlc]licon~c (1, 010 Projct 'annfer to cnter into a product improvement prograrn
(0'1P) ith I; :i Ilifcopter Company (13311C) to define thle problcem and recolmmend

a sohitjon. This PIP task included computer studies, a shake test, -mnd flight testing
of r n~ t'lfy instru fie) ted 01-1158A helicopter. Tile results of the PIP task,
to' date, indicate that ill'o tail-boom buckin- resulted from a resonant condition
betwcen the rivin rotox and the natural frequencics of tie fore ind aft pylon
niodk amid the. tail boom.wThis reson:ant frequtey, 5 hertz, was likely to occur
at high1- blade anles (100-percent collective) and low rotor specol (150 rpm) , nd
Was associated with large, rnain rotor flapping cxcursions. Three. solutions were
considered: (1) chnnge the natural frequenrci,7s of the fore end aft pylon mode
and/or tail boom, (2) damp tile pylon nlovemit, and (3) eljiminate the excessive
blade flapping-. The DTIC chose the third solution by electingy to restrict the
frliffi mu collcectivc control travel which would, i turn, eliminate excessive flX.pping1
at low rotor speods. The 131IC testing showed thiat thcre was no deg-radation of
holicopfer performance as the result of the installation of mn 80-percent collective
pitch rostriction device. Aidcit ion at quantitative and quallta five data wvere desired
by AV7SCOMN to cnsiirc mat performiance degradation did not exist withiin thle total
O-S58A flight enivelope. cco'rdingly, the L S Army Aviation Systems T'est Activity
(U]SAASTA) was directed (ref 1, incl 1) to conduct a 3-day test program 0t, the

JIIC flight test facility in \Arlington, Texss. Additional testing a t a high-altitude
test site near J3ishop, Cai mi v as directed by ANVSCOM (ref 2).
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SUBJECT: OII-58A Autorotational Evaluation, USAASTA Project No. 71-46

3. TEST OBJECTIVE. The objective of this test program was to determine if
the 80-percent collective pitch restriction on the O-1-58A helicopter imposed a
performance degradation of the autorotational landing performance (height-velocity
(H-V)) flight envelope, and to demonstrate that this restriction reduced tail-boom
loads to an acceptable level when performing autorotational landings at critical
conditions.

4. DESCRIPTION. A standard production model O--58A helicopter, modified
only by the installation of structural loads instrumentation, was used during the
portion of the test program conducted at the BHC facility, An OH-58A helicopter
instrumented by USAASTA was used for the high-altitude flight test. Structural
loads instrumentation was not included on this aircraft. The 80-percent collective
restriction device was installed on both aircraft. A detailed description of the test
aircraft is contained in reference 3, inclosure 1.

5. SCOPE OF TEST. Flight tests were conducted by a USAASTA test team
at the BHC facility in Arlington, Texas. All maintenance support and data reduction
services were provided 'by BIIC during the portion of the test program performed
at the BIC flight test facility. Tests were also conducted at a high-altitude test Aq

site near Bishop, California. During the* high-altitude test, all logistics support and
data processing were accomplished by USAASTA. A total of 6 hours of productive
flight test time was required to complete these tests. The test conditions are shown
in table 1.

Table 1. Test Conditions.1

Gross Density Gross-Weight/' Temperature

Test Site Weight Altitude D y or(lb) (ft) Density Ratio ('10,:

2,990 -340 2,960 +7
BHC2

2,970 -700 2,910 +7

2,450 2,130. 2,650 -4

Bishop 2,640 3,370 2,920 +2

2,840 2,620 3,070 -5

Coyote Flats3  2,540 9,670 3,400 -2

Witid speed: 4 to 7 knots.' 
+ tl ::

2Center of gravity: FS 109.7. 10t I
3Center of gravity: FS 107.0. Sa
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6. METHODS OF TEST. 'Ilic flight tsqt, nicth1ods decrited in reference 4,
inclosuire 1, were utlizxed throu]"Ihout the test pro-tJam. At tho 13MGC fligh11t test
facilitiy, a grounld*-opcratcd -rtohoco igrd caMera 'd an aiibrmin oscf11or-'pl
wvcro used. At the,' hiig-altitude test sitcs, a Fairchild Flighit AnalyMc I-d n.

oscillogapli were us-,d to record data.

7. CHRONOLOCYX. The chronology of the te;igis as follows:I

Test (hrectiw% rece~ived 2'2 NOvembmr 1 I
Fltotsts initiated (131IC) 22 November 1 11

Flight tests compileted I-TC) 2 oebr 1 971
Additional reqiriemonts received 3 D~ecember 1 9'11
High-altitude tests initiated 6 Deiembcr 1971
HIlih-altilucle tests completed 17 December 1971

Pre inry message report- dispatched 241 Decemiber 17
Project Manager debriefed 28 December 1971

8. R ESUT N ICSI a. General. Test resuilts shov that the reduiction
of collective control travel did not eiiaethe excitation of the tail-boom
resonamnce. It did, however, extend the touichdown airspeed envelope- within which
tail-boomn resonance does not occuir. The uncceptable tail-boom rc~onance
characteristic is a deficiency, correction of which is mandatory. The atitorotationai1
landing performonce of the 01111-58A. helicopter wvas degraded with the'80-per-cent
collectiv control'ti travel restriction at, d Iensity altituides greater than 5,000 feet.

b. Tail-Boom__Rcsonance. A timec history of an autorota tional1 landing- is,
presented in figure 1, iclosure 2. Shown in these. dai are the conditions under
wvhici abil-boom resonance As encountered duiringy tests at the B1IC flighti test
facility. The hiorizontal t ouchdown velocity at the time of the occurrence of the
tail-boom resonance was estimated to be 40 knots. This airspeed was in excess
of touchidown speecds which are normally used during flight operations. Thle
structural loads experienced during this incident wvere not severe enough to cauise
failure of the tail boom; however, a 6-inch cracke developod in the fiberglass fairing
just forward of the tail-boomn attaching point. As evidenced by tho flight tcest data,
the 80-percent restriction of collective control travel did not elliminate the excitationa
of tail-boom resonance. It did, however, extend the touchdown airspeed envelope
within which tail-boom resonance did not occur. Immediate action should be
initiated to eliminate the tail-boom resonance deficiency. As an interim measure
to reduce the incidences of tail-boom resonance during autorotational landings,
flighit test techniques developed during USAASTA Project No. 69-16 (ref 4,

A.inels 1) shouild be mployed. Ueof teetechiniqus els in touchdown Wt
rotor speed remaining in excess of 200 rpm. To dlemonstr'ate these techiniques,
a USAASTA test teamn should be sent to the Continental Army Comimand (CONUS)
training sites. The followilng "WARNING" shotild be incorporated in the 011-SSA
operator's manuial:

3
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foucljhdow it mowotafiowt, Nwith rotor sI)Zd b.elcw 200 rpm
may 10s,1l1 i!:1i-boon r*090iinCC..

c. Au: kroltationn-. and(11 1W,Prfinu.

(1) Qu Litciv t cst rtisini.:cthat tile reduction Of CcIlccti ,'ontl
travel h12d little or no0 effect oil tile 1i-V cllara cteristi CS of thc 01ll-58A 'or the.
conljion !S tes:tej ,,I the1 IIC facility. Tho test conditions arc shown h, ble 1.
F~igure 2, inclosuro 2, shows a tyjpiC-l 11-V maviVer'and dunotes actual c . ditions
at entry and term-inition of the maneuv~er. As shown iM thir, figure, the rotor. speed
at ground contfact is in excess of 250 rpm.

(2) Jincorporated in figure 3, inelomurc 2, are datz, colleted during recent
high-altitudc tests with tilc collective control restricted to 80 percent of full travel.

'tes eccnt da-ta indicate that thc H-1-V characteristics of thle OHi-58A are degraded
at density altitLudc-s greater than 5,000 feet. Also shown in figure 3 aro the near
mlaxinmm p erfoj-man 1!cc n id the reconmceridd ope-rational curves generated during
USAtA.STA's previous 11i-V test program, Proje-ct No. 69-16 (recf 4, incls 1). The
tchlniques ultilizcd during- the recent tetprogram were the. same as those developed
during the conduct of Project Mo. 69-16.

(3) Tfime histories of selected dlata points shown in figure 3, inclosure 2,
are pres;en ited inl figures 4 throughi 13. These time histories denote 1110 test data
grncratcd with thle Collective control travel restricted to 80 pcrcnt of full travel.
Figures 7, 8, and 10 show that maximum available collective control wag used
to complete the maneuiver. Qualita-tive pilot commlents indlicaite that additional
collective would have been used Avere, it available.

()Figures 14 arid 1 5, inclosure 2, are additional data specifically requested
* by AVSCOM. These figures show data points collected for the recommended

Operational cuirve which1 resulted fromn Project No. 69-1 6 testing along with the
maximum pitch rates anid attitudes utilized. These data are presented to facilitate
dcoteri-ia tion of consistency of pilot techlnique.

9. . CONCLUSIONS. a. General. Tile following conclusions were reachied upon
completion of the autorotational evaluiation of the 01-1-58A helicopter:

(1) 'Dlie 80-percent collective control restriction did not eliminate the
excitation of tail-boo-m resonance (para 8b).

(2) 'The 80-percent collective control restriction e.,tended thc touchdowvn
airspeed envelope within whiich tail-boom resonance (lid not occur (para 8b).

(3) The usu of auitorotational landing tecliniques developed during USAASTA
Project No. 69-1 6 results in touchidown with rotor speed remaining in exccss of
200 rpm (para 8b).

4
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(4) Tie an torotational pe iji )rformance clmracterlstic (l-I-V) of the
Ol-J-58A heclicopter are degraded at. density altitude in excess of .5,000 fect
(para Sc(2)).

b. Dciciency Affoctipg Flightf Safety. Correction of the unacceptable
tail-boom resommi cc- characteristic is ma nclatory (pira 8b).

10. RE2CONIMENDATIONS0. The following recommendations are a

a. The decficiency, correction of which is mandatory, should be correocd
as soon as possible.

b. A USAAS TA te-am should be sent to the CONUS training sites to instruct

standardization instructor p~ilots in the atutorotational lan ding techniques developed
during the conduct of Project No. 69-16.

c. The following "WARNING" should be incorporated in the 'OYI-SA
operator's manual:

WARNING

may result in tail-boom resonance.

Piepared by:

/ ' /Li'pi C. WATTS
Project Officer/Pilot

VERNON L.' DJEKMANN
Project Engineer

Approved by:

2 Incds E~RG
as Colonel, TO,

Commanding

A *
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